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Welding processes generate significant occupational and environmental pollutants and hazards. The 
common pollutants from the welding processes include metal fumes, particulate matter and gas by-
products. Epidemiological studies have shown a number of health effects on welders from short-term 
and long-term exposure to welding fumes. This article is the first to integrate scientific results, mainly 
from epidemiological studies, focusing on metals from different welding processes associated with well-
studied and emerging diseases/health conditions. An understanding of possible adverse health effects of 
exposure to welding metal fumes is important to develop prevention strategies that benefit and impact 




Welding joins materials together by melting a metal work piece along with a filler metal to form a strong 
joint. Welding provides a powerful manufacturing tool for the high-quality joining of metallic 
components. Common welding processes include shielded manual metal arc 
Welding (MMAW), gas metal arc welding (GMAW), flux-cored arc welding (FCAW), gas tungsten arc 
welding (GTAW) and others such as submerged, arc welding, plasma arc welding, and oxy-gas welding.   
 
Depending on process and metals, gas or alloy used, all welding processes produce visible smog, fume, 
aerosols, particulate matter, and nanoparticles that contains harmful metal fume and toxic gas by-
products. Most of the materials in the welding fume come from the consumable electrode. A small 
fraction of the fume is derived from spattered particles and the molten welding pool. Welding fumes 
could be partially volatilized in the welding process. The composition and the rate of generation of 
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welding fumes are affected by the welding current, shielding gases and the technique and skill of the 
welder. As shown in Table 1, the generated fumes and dusts ranged from 0.2 to 45 mg/m3 in welders 
breathing zone depending on the process type. However, fume concentrations generated during 
welding were much higher, for example, it was 95.07 mg/m³ in ventilation exhausts (Mansouri et al., 
2008). This shows the importance of a well-ventilated workplace, personal protective equipment and 
respirators for welders. The sizes of the particles in the fumes and dusts could be smaller than 0.50 µm 
in aerodynamic diameter (Jarnuszkiewicz et al., 1966; Lannefors & Akselsson, 1977). Recent studies also 
showed that many of the individual particles were in the ultrafine size range (0.01 to 0.10 µm). When 
mass-size distribution of welding fumes was studied during SMAW and GTAW techniques, it was found 
that 60% of total welding fumes consist of particulate matter size greater than 10 µm and 39.7% of the 
fume consists of PM<10 µm (Yang, Lin, Young, & Chang, 2018). 
Table1. Fume or dust levels in the ambient air of welder’s workplace 
Concentrations 
(mg/m3) 
Process type Reference 
0.63 − 5.90 Shielded Metal Arc Welding Boelter, Simmons, Berman, & Scheff, 2009;  
Schoonover, Conroy, Lacey, & Plavka, 2011; 
Boelter et al., 2009 
2.1 − 45 Gas Metal Arc Welding Cena, Chisholm, Keane, & Chen, 2015;  Cena, 
Chen, & Keane, 2016; Mansouri et al., 2008; 
Vandenplas et al., 1995 
0.12 − 24.3  Flux Cored Arc Welding Matczak & Przybylska-Stanislawska, 2004;  
Goller & Paik, 1985  
1.8 − 19.0 Electric Arc Welding (Iron oxide 
fumes concentration) 
Liu, Wong, Quinlan, & Blanc, 1995;  Mansouri 
et al., 2008 
8.67 Plasma cutters Dryson & Rogers, 1991 
0.474 − 35.2 
 
Metal Arc welding  Pourtaghi G. et al.,2009; Bertram et al., 2015; 
Schoonover et al., 2011, 
Olivera Popovic et al., 2014 
0.5 − 4.29  Soldering fumes Matczak, 2002; Hartmann et al., 2014  
0.14 − 10.7  Stainless steel welding Stanislawska, Janasik, & Trzcinka-Ochocka, 
2011 
0.2-23.4 Manual Metal Arc welding Golbabaei et al., 2012; Matczak & Chmielnicka, 
1993 
0.8-17.8 Metal Inert Gas welding 
(Aluminium) 
Matczak & Gromiec, 2002 
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Welding fumes and dust are particularly known for the inclusion of metals and metal oxides.   
Welding fumes are derived from combustion and contain a mixture of metal oxide particles. Mild steel 
generates welding fumes mainly consisting of iron and manganese but stainless steel generates fumes 
that also contain chromium and nickel (Leonard et al., 2010). In addition, some other metals are also 
found in welding fumes: aluminum (Al), antimony (Sb), arsenic (As), beryllium (Be), cadmium (Cd), 
chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), molybdenum (Mo), nickel 
(Ni), silver (Ag), tin (Sn), titanium (Ti), vanadium (V) and zinc (Zn). Gas flame, electric arc, laser, an 
electron beam, friction and ultrasound are used as the source of energy for welding. Some of the metal 
products formed in welding when metals or electrodes get melted are: Al, Sb, As, Be, Cd, Cr, Co, Cu, Fe, 
Pb, Mn, Mo, Ni, Ag, Sn, Ti, V and Zn. Table 2 summarizes metal concentrations in biological specimens 
and in the air collected in the working areas and personal breathing zone. 
Aluminum. A study performed by (Hanninen, and colleagues, 1994) analyzed the aluminum in serum (S-
Al) and urine (U-Al) of shipyard aluminum workers. The results of the study showed the mean S-Al 
concentration was 0.21 (range 0.03-0.64) umol/L and the mean U-Al was 2.8 (range 0.9-6.1) umol/L. 
 
Antimony. A study performed by Matczak (2002), focused on air samples including personal eight-hour 
samples. The quantitative analysis revealed that time-weighted average (TWA) of fume concentrations 
for Antimony were: soldering fume < 0.035 mg/m3. For this study, it shows the levels were safe on the 
day of sampling. 
Cadmium.  Cadmium is an element used in the manufacture of fluxes found in flux-cored electrodes.  
Despite its use in the welding process, however, there is a little literature information about its 
concentrations yielded from welding processes. A study performed by Arrandale and colleagues (2015) 
showed that female workers at a welding plant had urinary cadmium ranging from 0.05–0.93 µg/g. 
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Chromium. Chromium (Cr) commonly occurs in the fume since it is found in stainless steels and high 
alloy steels for welding.  Cr can exit in various oxidation states when it is partly oxidized to Cr (VI) and Cr 
(III) during manual metal arc stainless steel welding.  Both trivalent (Cr+3) and hexavalent (Cr+6) have 
been quantified in significant quantities in welding fumes. Arrandale et al., (2015), reported that female 
workers at a welding plant had urinary Cr concentrations in the range of 0.03–7.71 µg/g. Another study 
was conducted by (Cena et al., 2015), to estimate the amount of specific metals deposited into the 
respiratory system of workers at two facilities. The workers wore a nanoparticle respiratory deposition 
sampler while performing their duties.  Cr concentrations were 40-105 µg/m3, Cr (VI) ranged from 0.5-
1.3 µg/m3. A study by Ellingsen and colleagues (2017) studied whole blood, serum, urine and blood cells. 
The results for chromium were: whole blood <DL-6.8 µg/L, serum <DL-6.2 µg/L and urine 0.2-19 µg/g cr. 
Copper. The sources of copper include copper-coated GMAW electrodes and Cu alloys. Vaporized 
copper has been implicated as one of the metals present in welding fumes that causes metal fume fever. 
Thus, most studies include air samples of fume and the air.  A study performed by Matczak and team 
(2002), focused on air samples including personal eight-hour samples. The quantitative analysis revealed 
that TWA of fume concentrations for Cu were: soldering fumes <0.003-0.034 mg/m3, brazing fume 
<0.003-0.038 mg/m3. Balkhyour & colleagues (2010) looked at the total fume and metal concentrations 
in the breathing zone (within 0.5M) of workers during an eight-hour shift. The mean value for Cu was 
0.001–0.080 mg/m3.  
 
Lead. A study performed by Matczak and team (2002), focused on air samples including personal eight-
hour samples. The quantitative analysis revealed that TWA of fume concentrations for Pb were: 
soldering fumes <0.014-0.037 mg/m3, brazing fume <0.014-0.023 mg/m3. For this study, it shows the 
levels were safe on the day of sampling.  
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Manganese. Manganese (Mn) commonly occurs in most welding fumes as manganese oxide is used as a 
flux agent in the coatings of shielded metal arc electrodes, in the flux-cored arc electrodes, and as an 
alloying element used in electrodes (Villaume et al., 1979). A study performed by Matczak and team 
(2002) focused on air samples including personal eight-hour samples. The quantitative analysis revealed 
that TWA of fume concentrations for manganese were: brazing fumes <0.07-0.12 mg/m3. Cena and 
colleagues (2015) conducted a study to estimate the amount of specific metals deposited into the 
respiratory system of workers at two facilities.  They reported that manganese concentrations were 2.8-
199 µg/m3. Balkhyour & Goknil (2010), looked at the total fume and metal concentrations in the 
breathing zone (within 0.5M) of workers during an eight-hour shift. The mean value for Manganese was 
0.010 –0.477 mg/m3.  
 
Molybdenum. Balkhyour & Goknil (2010) looked at the total fume and metal concentrations in the 
breathing zone (within 0.5M) of workers during an eight-hour shift. The mean value for molybdenum 
(Mo) was 0.001–0.058 mg/m3. A study by Ellingsen and team (2017), studied whole blood, serum, urine 
and blood cells. The results for Mo were: whole blood 0.28-5.7 µg/L, serum 0.50-3.3 µg/L, blood cells 
1.1-2.4 µg/L and urine 12-93 µg/g cr. 
 
Nickel.  Nickel (Ni) is present in stainless steel welding fumes and in Ni alloys. Currently, Ni is classified as 
a human carcinogen (NIOSH, 1977). A study was conducted by Cena and colleagues (2014) to estimate 
the amount of specific metals deposited into the respiratory system of workers at two facilities. Ni 
concentrations ranged 0.05-0.11 mg/m3. 
 
Silver. A study performed by Matczak in 2002, focused on air samples including personal eight-hour 
samples. The quantitative analysis revealed that TWA of fume concentrations for Ag were: brazing 
fumes < 0.014 mg/m3. For this study, it shows the levels were safe on the day of sampling. 
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Tin. A study performed by Matczak in 2002, focused on air samples including personal eight-hour 
samples. The quantitative analysis revealed that TWA of fume concentrations for Sn were: soldering 
fume <0.15 mg/m3, brazing fume < 0.15 mg/m3. For this study, it shows the levels were safe on the day 
of sampling. 
 
Zinc. Zinc (Zn) is present in the galvanized coating on metal. Metal fume fever occurs when the 
galvanized metal is heated sufficiently to vaporize zinc, thus creating a fume high in zinc oxide. A study 
performed by Matczak (2002), focused on air samples including personal eight-hour samples and 
reported the TWA of fumes contained Zn concentrations ranging from 0.003-0.025 mg/m3. 
 
Table 2. Metal concentrations detected in welding processes  
 
Metals Concentration Sample type Sampling location Source 
Aluminum  
4-53 μg Al/L 
Blood Fumes 
Elinder, Ahrengart, Lidums, 
Pettersson, & Sjogren, 1991 
  18-29 μg Al/g Bone  Fumes Elinder et al., 1991 
  0.3-10.2 mg/m3 Air sample Fumes breathing zone Sjogren & Elinder, 1992  
  
15-414 μg/L 
Urine Fumes breathing zone 
Sjogren, Lidums, Hakansson, 
& Hedstrom, 1985; Sjogren, 
Elinder, Lidums, & Chang, 
1988 
Antimony 0.035 mg/m3 Air sample Fumes Matczak, 2002 
Cadmium 0.05-0.93 μg/g cr Urine Various Arrandale et al., 2015 
  0.2–12.5 mg/m3 Air sample Particles breathing zone Golbabaei et al., 2012 
Chromium 0.002-0.34 μg/L Serum Ambient air Ulfvarson & Wold, 1977 
  40–105 μg/m3 Air sample Particles breathing zone  Cena, Keane, et al., 2014 
  0.01-1.4 mg/m3 Air sample Fumes Ulfvarson & Wold, 1977 
  0.03-7.71 μg/g cr Urine Various Arrandale et al., 2015 
  1.2 μg/L Blood cells Particles breathing zone Ellingsen et al., 2017 
  0.45 μg/L Whole blood Particles breathing zone Ellingsen et al., 2017 
  0.35 μg/L Serum Particles breathing zone Ellingsen et al., 2017 
  0.024 μg/g cr Urine Particles breathing zone Ellingsen et al., 2017 
  140 μg/m3 Air sample Particles breathing zone Golbabaei et al., 2012 
Cobalt 0.04-1.44 μg/g cr Urine Various Arrandale et al., 2015 
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Metals Concentration Sample type Sampling location Source 
Copper 0.35-1.4 μg/L Serum Ambient Air Ulfvarson & Wold, 1977 
  0.003-0.034 mg/m3 Air sample Fumes Matczak, 2002 
  0.003-0.038 mg/m3 Air sample Fumes Matczak, 2002 
  0.001–0.080 mg/m3 Air sample Particles breathing zone Balkhyour & Goknil, 2010 
Lead 0-1.870 μg/L Serum Ambient air Ulfvarson & Wold, 1977 
  0.014-0.037 mg/m3 Air sample Fumes Matczak, 2002 
  0.014-0.023 mg/m3 Air sample Fumes Matczak, 2002 
Manganese 
5–9300 μg/m3 
Air sample Fumes 
Bailey, Kerper, & Goodman, 
2018; Hanley, Andrews, 
Bertke, & Ashley, 2015 
  0.010 –0.477 mg/m3 Air sample Particles breathing zone Balkhyour & Goknil, 2010 
  2.8–199 μg/m3 Air sample Particles breathing zone Cena et al., 2015 
  0.07-0.12 mg/m3 Air sample Fumes Matczak, 2002 
  0.009-0.37 μg/L Serum Ambient air Ulfvarson & Wold, 1977  
  0.60-11.33 μg/g cr Urine Various Arrandale et al., 2015 
Molybdenum 0.001 –0.058 mg/m3 Air sample Particles breathing zone Balkhyour & Goknil, 2010 
  0.2-58 μg/m3 Air sample Particles breathing zone Ellingsen et al., 2017 
  0.097 μg/L Blood cells Particles breathing zone Ellingsen et al., 2017 
  0.088 μg/L Whole blood Particles breathing zone Ellingsen et al., 2017 
  0.042 μg/L Serum Particles breathing zone Ellingsen et al., 2017  
  0.048 μg/g cr Urine Particles breathing zone Ellingsen et al., 2017 
Nickel 0.0007-0.16 mg/ m3 Air sample Fumes  Ulfvarson & Wold, 1977 
  
10–51 μg/m3 
Air sample Particles breathing zone 
Cena, Keane, et al., 2014;  L. 
G. Cena et al.,2015 
  50 μg/m3 Air sample Particles breathing zone Golbabaei et al., 2012 
Silver 0.014 mg/m3 Air sample Fumes Matczak, 2002 
Tin 0.15 mg/m3 Air sample Fumes Matczak, 2002 
Vanadium 
0.02-0.68 μg/m3 
Air sample Particles breathing zone 
Kucera et al., 2001;  Ellingsen 
et al., 2017  
  0.025 μg/L Blood cells Particles breathing zone Ellingsen et al., 2017 
  0.035 μg/L Whole blood Particles breathing zone Ellingsen et al., 2017 
  0.025 μg/L Serum Particles breathing zone Ellingsen et al., 2017 
Zinc 
0.003-0.025 mg/m3 
Air sample Fumes 
Matczak, 2002; Matczak & 
Chmielnicka, 1988 
  76.12-621.34 μg/g cr Urine Various Arrandale et al., 2015 
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Health effects of metals from welding fumes 
 
Exposure to welding fumes has been associated with both short-term and long-term health effects. The 
degree of health risk from welding fumes depends on the composition, concentration and length of 
exposure. Common short-term effects which occur after four to twelve hours of exposure are eyes, 
nose, chest and respiratory tract irritation, thirst, fever, muscle ache, fatigue, nausea, coughing, and 
gastrointestinal effects. Welders experience problems like sensitive skin, as well as eye and ear 
morbidity symptoms due to a lack of proper use of PPE and training (Alexander et al., 2016). A high dose 
of cadmium in welding fumes can be dangerous for short-term exposure.  Long-term metal fumes 
exposure effects may cause respiratory, reproductive and neurological diseases (Nemery, 1990). Long-
term exposure to welding may lead to risk of skin cancer or other dermatological problems on exposed 
skin areas (Heltoft et al., 2017).  
 
Respiratory effects: Over the last several decades, numerous studies have addressed and studies have 
been done on the effects of welding fumes on respiratory systems.  The effects include pulmonary 
function, metal fume fever, bronchitis, pneumoconiosis and fibrosis, lung cancer, respiratory infection 
and immunity.  Metal fume fever, caused by the inhalation of freshly formed zinc oxide fumes, is the 
most frequently observed welders’ acute respiratory illness, a relatively common febrile illness of short 
duration that may occur during and after welding duties. Hassaballa and colleagues (2005), reported a 
25-year-old person’s metal fume fever case raised concerns that the welder could develop several 
respiratory complications within a few days after inhalation of metal fumes. Another study conducted by 
Vogelmeier and team (1987) reported that during the exposure to metal fumes, Zn levels and peripheral 
leukocytes were elevated as body temperature rose. Also, significant alteration in lung function 
occurred as evidenced by a fall in respiratory vital capacity and arterial oxygen partial pressure 
(Vogelmeier et al., 1987). A later study suggested that pulmonary responses of inflammatory cells may 
play a large role in metal fume fever (Blanc et al., 1993). 
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Welders are at higher risk for respiratory infections (Marongiu et al., 2016). There is increased chance of 
pneumococcal infection in welders (Grigg et al., 2017), and the risk is higher in welders who smoke 
(Wong et al., 2010). Also, excess mortality rate due to pneumonia has been reported among welders in 
several studies.  For example, Coggon and team found a significant increase in mortality from 
pneumonia among welders (Coggon et al., 1994). Such increased mortality associated with respiratory 
infections could be due to cell-mediated immunity deficiencies and cytotoxic activity of immune cells 
caused by welding fume exposure (Tuschl et al., 1997; Boshnakova et al., 1989). 
 
The effects of welding fumes on the pulmonary function of workers has been commonly examined over 
the last two decades. Sobaszek and team (2000) examined the acute respiratory effects of 144 stainless 
steel welders and 223 controls at the start and end of a work shift.  The welders had experienced a 
significant decrease in forced vital capacity due to a sensitization of the respiratory tract by Cr.  A more 
recent study examined lung function of 1982 workers during 2002-2010 occupational health check-ups 
and reported that a decrease in lung function was caused by occupational exposure to welding fumes 
and smoking habit (Haluza et al., 2014). Smoking habit may confound the results of pulmonary function 
tests in welders (Chinn et al., 1990). 
 
Welding fumes have been categorized as a possible human carcinogen (Group 2B) [IARC, 1990, 1993], as 
the fumes contain dangerous carcinogenic metals, e.g. Cd, Ni and Cr(VI) ("Chromium, nickel and 
welding," 1990). Rachelle Beveridge and colleagues conducted case-control studies among two 
populations from 1979 to 1986 and 1996 to 2001 with 1598 cases and 1965 controls. They collected 
detailed job histories to identify their occupational exposure to metals including nickel, chromium and 
cadmium (Beveridge et al., 2010). They reported that lung cancer risk was increased only to former 
smokers or non-smokers.   
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However, a recent random trial by Wong and colleagues on 2034 participants shows that longer working 
years in the welding field and foundry work are related to an increase in risk of lung cancer among heavy 
smokers (Wong et al., 2017). 2,034 lung cancer cases had incident lung cancer out of a random trial 
among 53,454 heavy smokers. Medically/histologically confirmed cases from 2002-2009 along with 
duration of exposure to metal fumes were accessed by questionnaires. This study supports the evidence 
of exposure to metal fumes or welding may be related to an increase in lung cancer risk. Similarly, in a 
cohort study by Siew et al. of all working age-group Finnish men who took part in a census in 1970 were 
followed by the Finnish cancer registry for lung cancer cases (1,971-1,995). This study supported that 
cumulative exposure to welding fumes and iron is related to increased lung cancer risk, mainly 
squamous cell carcinoma (Siew et al, 2012). Metals, e.g. Cd and Ni in welding fumes could induce the 
formation of DNA-protein cross-links, which could influence the initiation and promotion of cancer. Also, 
inappropriate covalent DNA-protein cross-links can disrupt gene expressions and chromatin structure 
and may lead to the deletion of DNA sequences (Costa et al., 1993). 
 
Renal disease: If chronic exposure to metals from welding fumes can induce nephrotoxic effects is still 
controversial. Epidemiological studies have not consistently suggested an adverse effect on renal 
function (Vyskocil et al., 1992; Verschoor et al., 1988). However, increasing reports have shown an 
association between certain metals from welding fumes and nephrotoxicity. For example, a total of 103 
Chinese welders had significantly increased urinary b2-microglobulinaemia levels, a biomarker of renal 
tubular dysfunction, after exposure to airborne cadmium from 5 to 86 mg/m3 in the personal breathing 
zones (Ding et al., 2011). Also, exposure to metal fumes increased renal intestinal alkaline phosphatase 
expression and oxidative stress in welders (Hambach et al., 2013). A recent study, which used ECM-
receptor interaction-related biomarkers for renal injury, kidney injury molecule (KIM)-1 and neutrophil 
gelatinase-associated lipocalin (NGAL) to assess nephrotoxicity, reported that the levels of those 
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biomarkers increased in welding worker post-exposure and were significantly associated with urinary Al, 
Cr, Mn, Fe, Co and Ni levels in welders (Chuang et al., 2015). 
 
Reproductive system: Sexual dysfunction is also one of the major complains of welders. A cross-sectional 
study on 35 stainless steel welders, 46 mild steel welders and 54 non-welding metal workers showed 
that sperm count and motility were significantly decreased in mild steel workers (Bonde, 1990a). 
Another study (conducted before and after three weeks of non-exposure among metal workers and 
welders) by Bonde warns us that welding may cause non-reversible effect on semen quality (Bonde, 
1990b). Questionnaires from 242 congenital malformation cases and 270 controls revealed that the 
chance of congenital malformation was higher in the child if the father was exposed to welding fumes 
during periconceptional period (El-Helaly et al., 2011). However, a longitudinal, multi-country study of 
parents of 24,168 offspring aged 2-51 years found that the father’s pre-conception welding was 
independently associated with non-allergic asthma in their offspring and the father’s smoking habit 
before conception may be a factor for the increased risk of offspring asthma (Svanes et al., 2017). Also, 
radiant heat exposure for a long time during welding could be a confounding factor for decreased sperm 
quality and fertility of male welders (Bonde, 1992). Male workers exposed to manganese also have 
symptoms of sexual dysfunction (Bowler et al., 2007). 
 
Emerging health issues 
 
Central nervous system: Welders may be at increased risk of neurological and neurobehavioral health 
effects when exposed to metals such as Pb, Fe, Al, and Mn. For example, welders with long time 
exposure to Mn, Al or Pb experienced neuropsychiatric symptoms (Sjogren et al., 1990). 12 welders with 
exposure to Al had decreased motor function, including reaction time, finger tapping speed and 
endurance, vocabulary, and tracking (Sjogren et al., 1996). In addition, aluminum from welding fumes 
associated with symptoms of decrease in memory and concentration problems along with fatigue and 
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depressions too (Riihimaki et al., 2000).  However, short time exposure to Al showed no neurological 
system effect even if the concentration was higher. Psychomotor function abnormalities have been 
observed in hemodialysis patients who had a history of welding and exposure to Al (Sjogren & Elinder, 
1992). Recent studies indicate neurological and neurobehavioral deficits may occur when workers are 
exposed to low levels of Mn (<0.2 mg/m3) in welding fumes (Bowler et al., 2007). These effects include 
changes in mood and short-term memory, altered reaction time, and reduced hand-eye coordination 
(Bowler et al., 2007; Antonini et al., 2006). 
 
The mechanisms of the effects of metals from welding fumes on the central nervous system is still 
unclear.  However, recent animal studies reported that Mn can reach the brain through brain 
microvascular endothelial cell, olfactory and trigeminal nerve and crossing choroid plexuses to 
cerebrospinal fluid and final up-to brain (Yokel, 2009).  
 
There is a complaint about sleep disorders by welders exposed to heavy metal fumes in comparison to 
office workers who have less awake time throughout the night (Chuang et al., 2018). There is a 
behavioral change in long term welders (Lee et al., 2016) and fatigue, mild depression, and memory and 
concentration problems (Riihimaki et al., 2000). Some research indicates that there may be an effect of 
heavy metals like aluminum on short-term memory, learning and attention (Hanninen et al., 1994), 
along with decrease in other cognitive performance (Akila et al., 1999). Increase in welding fume 
exposure causes increase in Cd levels in urine and can cause renal tubular dysfunction (Ding et al., 2011). 
Increase in manganese exposure during the welding process can also be a strong link for decrease in 
memory, attention, concentration, learning abilities, cognitive abilities and visual problems (Bowler et 
al., 2007). Additionally, participants present symptoms like sleep disorders, headache, sexual 
dysfunction, insomnia, slurred speech, tremors, etc. (Bowler et al., 2007). A case study of a 5-year-old 
boy with symptoms of anorexia, irritability, vomiting, mental confusion, insomnia and abnormal 
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movements warns us about not only occupational exposure but also environmental exposure to welding 
fumes (Cury et al., 2017). The boy had a history of three months in a new house adjacent to a welding 
garage, and he had blood Pb level of 27 µg/dL. However, this case study does not discuss previous 
environmental exposure, if any, but his symptoms lasted 15 days and a neurological examination along 
with MRI showed right hemiparesis, generalized myoclonus, impaired swallowing and grasp reflex. 
 
Sleep disorders and depression: There is increasing attention on the effect of pulmonary exposure to 
metal fumes fine (<2.5 μm) particulate matter (PM2.5) on sleep disorders (Bureau of Labor Statistics U.S. 
Department of Labor, 2015; Shen et al., 2018). Earlier studies showed an association between welding 
fumes and sleep disorders. For example, a case report showed that workers exposed to welding fumes 
containing Mn presented with symptoms of sleep disturbances, olfactory, extrapyramidal and mood 
disturbances (Bowler et al., 2011; Bowler et al., 2007a). Furthermore among 43 bridge welders, 79% had 
sleep disturbances (Bowler et al., 2007b). According to Bowler and team (2007), TWA of Mn in air 
ranged from 0.11-0.46 mg/m3 in a study of 43 welders working in confined spaces with indicated 
symptoms like excessive fatigue, sleep disorders, toxic hallucinations, depression and anxiety. More 
recent studies have further advanced our understanding of metals in welding fumes playing a critical 
role in sleep disorders. Chuang and colleagues (2018) reported that welding workers had greater awake 
times than did office workers. They further suggested that exposure to heavy metals in metal fume 
PM2.5 may disrupt sleep quality in welding workers and an imbalance of serotonin by personal PM2.5 with 
metals could be the cause for sleep disorders. Serotonin is one of the most important brain chemicals 
regulating the sleep/wake cycle (Portas et al, 2000). An increase in 1 μg/m3 of personal PM2.5 exposure 
was found to associate with a decrease of 0.001 ng/mL in serotonin in welding workers. Lower levels of 
serotonin were reported to result in sleepiness and to cause sleep disturbances, depression, and chronic 
fatigue syndrome (Portas et al., 2000). However, more studies are needed to confirm the cause.  
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Parkinson’s disease: Recent studies on how welding fumes affect neurological systems suggested that 
welding fumes could increase the risk for Parkinson’s disease. Exposure to welding fumes may damage 
dopaminergic neurons in the brain, raising the welders' risk for Parkinson's disease.  A longitudinal 
cohort study of 886 welders followed up to 9.9 years after baseline measurements showed the 
progression of Parkinson’s disease increased with cumulative Manganese exposure. The exposure was 
associated with hands bradykinesia (slow movement), limb rigidity and impairment of facial expression 
and speech (Racette et al., 2017). Another study supports the finding by demonstrating that in a study of 
healthy welders exposed to Mn, positron emission tomography imaging showed reduced uptake of the 
tracer F-18-fluoro-L-dopa, a sign of dysfunction in nigrostriatal neurons in welders who may have had 
occupational exposure to high levels of manganese (Criswell et al., 2011).  
 
Cardio-vascular diseases:  Evidence accumulating from epidemiological studies indicates an association 
between the exposure to welding fumes and increased risks of cardiovascular events, e.g. cardiac 
arrhythmia, myocardial ischemia and atherosclerosis (Cavallari et al., 2007; Chinn et al., 1990). A study 
by Brook et al. shows that even short-term inhalation of fine particulate matter causes arterial 
vasoconstriction on healthy adults (Brook et al., 2002). This warns us about the cardiovascular risks to 
welders as they get continuously exposed to metal fumes. Cavallari and colleagues showed that metal 
fumes exposure of boilermaker construction workers to PM2.5 caused alterations in heart rate variability 
(Cavallari et al., 2008). Fang and colleagues did a study on 26 males after exposure to welding metal 
fumes and their results showed that exposure to PM2.5 evokes adverse vascular changes (Fang et al., 
2008). Umukoro and colleagues observed that long-term metal particulate exposure can decrease 
cardiac accelerations and decelerations in welding workers (Umukoro et al., 2016). In a cross-sectional 
study, interviews and biological sampling conducted on 101 welders and 127 controls in southern 
Sweden, it was found that there was an increase in blood pressure among welders in comparison to the 
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control group (Li et al., 2015). A longitudinal study from 2001-2010 in Rome suggested that long-term 
exposure to metal PM2.5 µm is found to contribute to mortality mainly from ischemic heart disease 




Epidemiological studies have generated some scientific data revealing health effects of fumes from 
welding processes on welders’ health.  However, scientific data on metal in welding fumes is still limited. 
Those epidemiological studies performed in different worker populations, industrial settings, and 
welding techniques. Also, most of those studies lack a well-defined exposure assessment to determine 
duration of metal exposure and to quantify inhalable and biological response doses.  Epidemiological 
results have consistently shown an association between exposure to metal fumes and respiratory 
effects, including bronchitis, airway irritation, lung function changes and a possible increased risk of lung 
cancer. However, possible underlying mechanisms and causality remain less clear regarding inhalation of 
metal welding fumes.  Also, determination of dose-response of metals in fumes has posed a challenge 
due to a mixture of toxicants in welding fumes and availability of well-defined populations.  Finally, few 
studies have addressed the non-respiratory effects of metals in welding fumes, although increasing 
results over recent years have become available showing the reproductive, renal and dermal effects. A 
few specific metals in welding fumes, such as Mn and Al have been found to associate with neurological 
effects when inhaled in high concentrations. However, whether those metals can cause neurological 
problems remains unanswered. Some emerging health effects have been examined including 
Parkinson’s disease, cardiovascular disease, sleep disorders and depression. Health impacts caused by 
metals in welding fumes remain an important health issue for welders. More epidemiology studies are 
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